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INTRODUCTION

Background Cognitive impairment is common in multiple sclerosis (MS), and visual
memory impairments are increasingly considered clinically important, yet still
underappreciated.

Objective To compare cognitive performance assessed by the Rey Complex Figure
Test (RCFT) and Symbol Digit Modalities Test (SDMT) in MS patients and healthy
controls, and to examine correlations between these measures and physical disability
indices.

Methods A total of 177 participants were assessed using RCFT subtests and SDMT, of
whom 95 had relapsing-remitting MS (RRMS) and 82 were healthy controls. Group
comparisons and correlation analyses were performed.

Results The MS patients scored significantly lower on all RCFT subtests and SDMT.
Moderate correlations were found between SDMT and RCFT 0 to 2, but not RCFT 3.
Conclusion Both RCFT and SDMT may serve as potentially complementary measures
of cognitive domains relevant to MS. Incorporating both recall and recognition-based
measures, along with processing speed assessments, can provide a broader evaluation
of cognitive strengths and weaknesses in MS, helping clinicians better characterize
patients’ profiles.

ments are known to emerge in its early stages and progres-
sively worsen over time in these patients. Cognitive

Multiple sclerosis (MS) is a demyelinating and inflammatory  dysfunction significantly impacts the quality of life and
disease of the central nervous system.'™ Cognitive impair- ~ functionality of patients, thereby increasing the overall

received

September 30, 2025
received in its final form
November 26, 2025
accepted

December 14, 2025

DOI https://doi.org/ © 2026. The Author(s).

10.1055/s-0046-1817028. This is an open access article published by Thieme under the terms of the

ISSN 0004-282X. Creative Commons Attribution 4.0 International License, permitting copying
and reproduction so long as the original work is given appropriate credit

Editor-in-Chief: Ayrton Roberto (https://creativecommons.org/licenses/by/4.0/)

Massaro. Thieme Revinter Publicagoes Ltda., Rua Rego Freitas, 175, loja 1,

Associate Editor: Tarso Adoni. Republica, Sdo Paulo, SP, CEP 01220-010, Brazil


https://orcid.org/0000-0003-0469-0064
https://orcid.org/0000-0001-8857-9210
https://orcid.org/0000-0001-6788-6107
https://orcid.org/0000-0001-5836-9845
https://orcid.org/0009-0003-4827-7359
https://orcid.org/0000-0002-7825-1286
https://orcid.org/0009-0001-5109-0355
https://orcid.org/0000-0002-2943-2240
https://orcid.org/0000-0002-2227-4104
mailto:mesrkoseoglu@gmail.com
https://doi.org/10.1055/s-0046-1817028
https://doi.org/10.1055/s-0046-1817028
https://orcid.org/0000-0002-0487-5299
https://orcid.org/0000-0002-5008-2783

Cognitive impairment in MS: RCFT vs SDMT  K&seoglu et al.

burden of the disease. This underscores the importance of
early and precise evaluation of cognitive status in MS
patients.'3

The alignment between the cognitive domains evaluat-
ed by the tests and the types of cognitive impairments
commonly observed in MS makes it a valuable tool for
disease monitoring and measuring treatment efficacy.
Additionally, broader assessment tools are also extensively
utilized in clinical practice, such as the MS Functional
Composite (MSFC) battery, which evaluates cognitive,
motor, and functional domains—including the Symbol
Digit Modalities Test (SDMT) and the Paced Auditory Serial
Addition Test (PASAT) for cognitive assessment. The SDMT
primarily measures processing speed, one of the earliest
and most commonly affected cognitive domains in MS. It
also involves attention and working memory as secondary
processes.>”’

The Rey Complex Figure Test (RCFT) is a widely used
neuropsychological tool for assessing cognitive domains
such as visuospatial abilities, visual memory, and directed
attention.">® Previous studies have examined its perfor-
mance in MS patients and provided normative data for the
Turkish population, supporting its cross-cultural applicabil-
ity in cognitive assessments.3~1°

The aim of this study was to compare cognitive perfor-
mance assessed by RCFT and SDMT. Furthermore, under-
standing the relationships between these two tests, and of
both with disability in RRMS patients, may provide critical
insights into their contributions to clinical monitoring and
treatment processes for cognitive impairments.

METHODS

A total of 177 individuals, including 95 patients (73 female
and 22 male) diagnosed with RRMS according to the 2017
McDonald criteria, aged 18 to 65 years, as well as 82 age and
sex matched healthy volunteers (56 female and 26 male),
were prospectively enrolled into the study. All patients were
followed with a diagnosis of RRMS in the Neuroimmunology
Clinic of the Kanuni Sultan Suleyman Training and Research
Hospital, Istanbul, Turkey, between January 2025 and
April 2025.

Those currently in an acute relapse or experienced a
relapse within the last month were excluded. Our study
was conducted in accordance with the Declaration of Hel-
sinki’s guidelines, and it was approved by the local ethics
committee. All study procedures were approved by the
Ethical Committee of the Kanuni Sultan Suleyman Training
and Research Hospital, Istanbul, Turkey, under the protocol
number KAEK/2024/11.261.

Demographic data (age, gender, marital status, educa-
tion level) and disease-related characteristics of the pa-
tient group (disease duration, medications used for MS
treatment, disease disability) were recorded. Disease dis-
ability was assessed using the Expanded Disability Status
Scale (EDSS). In the present study, patients were assessed
using the MSFC battery, which includes the SDMT, the
Timed 25-Foot Walk (25FWT), and the 9-Hole Peg test
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(9HPT). The SDMT is a brief, widely used cognitive screen-
ing tool that evaluates processing speed, attention, and
working memory. It was also evaluated independently as a
measure of cognitive performance and compared with
healthy controls.

The RCFT is a well-established tool for assessing visuo-
spatial constructional ability, visual memory, and planning
skills. The test consists of four stages:

» Copy (RCFT 0): Participants are asked to reproduce a
complex figure presented on a card placed in front of
them.

» Immediate Recall (RCFT 1): Immediately after the copy
phase, participants are asked to draw the figure from
memory, measuring short-term visual memory.

* Delayed Recall (RCFT 2): After a 20 to 30-minute interval,
participants are once again asked to draw the figure from
memory, assessing delayed visual memory and retention.
Each drawing is scored on a 36-point scale based on the
accuracy and placement of 18 figure components, follow-
ing standardized scoring criteria.

* Recognition (RCFT 3): After delayed recall stage, partic-
ipants are presented with an array of 24 figures containing
components from the original complex figure, some of
which are altered, mirrored, or spatially distorted. They
are instructed to identify the exact elements that were
part of the original figure. Performance is scored accord-
ing to the number of correct identifications. This phase
primarily measures cue-dependent retrieval and visual
discrimination processes.

The SDMT is a brief, widely used cognitive screening tool
that evaluates processing speed, attention, and working
memory. Participants were instructed to match symbols to
numbers based on a reference key within 90 seconds. The
total score reflects the number of correct responses. Both
tests were administered in a quiet environment by a trained
neuropsychologist.

Statistical analyses

Continuous variables were expressed as mean + standard
deviation (SD) or median and minimum-maximum values,
while categorical variables were reported as frequency and
percentages.

The Shapiro-Wilk test was used to assess normal distri-
bution. The categorical variables were analyzed using the
Fisher’s exact and Pearson Chi-squared tests. For continuous
variables, the Mann-Whitney U test was applied for non-
normally distributed data, while independent t-test was
used for normal distributions. Spearman’s correlation test
was employed to analyze the relationship between disease
duration, EDSS, and other study parameters in the patient
group.

Data were analyzed using the SPSS Statistics (IBM Corp.)
version 23.0, with p-values < 0.05 being considered statisti-
cally significant. Given the exploratory design of the study,
no correction for multiple comparisons was applied. Corre-
lation results were interpreted cautiously to minimize the
risk of type I error.
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Table 1 Demographic characteristics of MS patients and healthy controls

Koseoglu et al.

MS patients Control group p-value
n=95 n=382
Age Mean +SD 35.81+10.86 34.98 +9.54 0.754°
Median (min-max) 33.00 (16-63) 33.00 (16-61)
Female gender % 76.8 68.3 0.237°
Weight (kg) Mean = SD 68.47 +£12.20 70.21+12.48 0.352¢
Median (min-max) 68.00 (44-98) 68.00 (40-110)
Height (cm) Mean +£SD 165.60 +£7.84 167.21 £8.29 0.187°¢
Median (min-max) 166.00 (150-185) 168.00 (150-189)
Smoking % 41.1 48.8 0.379¢
Chronic disease n (%) 8 (8.4) 18 (22) 0.011¢
Education level %
Primary school 18.9 9.8 0.093¢
Secondary school 9.5 4.9 0.266°
Highschool 26.3 32.9 0.408¢
University 453 52.4 0.368¢

Abbreviations: MS, multiple sclerosis; SD, standard deviation.

Notes: 2Mann-Whitney U test; PFisher’s exact test; Independent t-test; 9Chi-squared test.

RESULTS

The study included 177 individuals, of whom 95 were
patients with MS and 82 were healthy controls.

There were no meaningful differences between the MS
and control groups regarding age (MS: 35.81 +10.86 years,
control: 34.98+9.54 years; p=0.754), weight (MS:
68.47 +£12.20kg, control: 70.21+12.48kg; p=0.352), or
height (MS: 165.60+7.84cm, control: 167.21+8.29cm;
p=0.187). In the MS group, the proportion of women was
higher (76.8%) than in the control (68.3%); however, this was
not a statistically significant difference (p =0.237).

In terms of smoking, 48.8% of the individuals in the
control group were current smokers, while 41.1% in the
MS group. Those who quit were included in the nonsmoker
group. This was a nonsignificantly different comparison
(p=0.379).

There were 92 (96.8%) patients using one of the Disease-
Modifying Therapies (DMTs). The most frequently used
current DMTs were natalizumab (28.4%), ocrelizumab
(23.2%), fingolimod (15.8%), and dimethyl fumarate (12.6%).

Regarding chronic diseases, 8 MS patients (8.4%) had at
least one comorbid condition, while 22% of control partic-
ipants had chronic diseases. This difference was statistically
significant (p <0.001). The most common comorbidities
were diabetes mellitus in 4.2% of patients and hypertension
in 3.2%.

When we compared the levels of education between the
MS and control groups, we did not find any significant
statistical difference among the different categories
(p>0.05 for all). We did observe some small numerical
variations. In the MS group, the number of participants
who had completed only primary school was slightly higher
(18.9%) than in the control group (9.8%; p=0.093). The

distribution of groups was comparable at the levels
of secondary and high school education, with no significant
differences (p=0.266 and 0.408, respectively). Although
52.4% of the participants in the control group held a
university degree, compared to 45.3% in the MS group, this
was not a statistically significant difference (p =0.368), as
shown in =Table 1.

The mean EDSS score was 1.74 +1.47, with a median of
1.00 (range: 0-6), indicating that the sample overall had a
relatively mild level of disability. Patients with an EDSS score
of < 3 accounted for 84.2% of the study population.

On the motor function front, the 25FWT, which assesses
gait speed, had a mean completion time of 6.06+ 1.98
(median: 6.03; range: 4-13.5) seconds. Fine motor skills
of the dominant hand, as measured by the 9HPT, showed a
mean of 21.62 +4.35 (median: 20.53; range: 16-38) seconds.

Among MS participants, the mean SDMT score was
36.81 + 14.24, with a median of 37, ranging from 5 to 70.

Visual memory was assessed using the RCFT. Patients
registered a mean score of 30.94 +3.75 (median: 32.00;
range: 16-36) in the copy phase (RCFT 0). For immediate
recall (RCFT 1), the mean score was 15.62 4+ 6.96 (median:
16.00; range: 1-30), and for delayed recall (RCFT 2), the
mean score was 15.99 +6.63 (median: 15.00; range: 4-
29). These numbers indicate that while short-term encod-
ing may remain relatively intact, there appear to be
noticeable impairments in the MS population when it
comes to recalling information after even a brief delay
(=Table 2).

The RCFT’s results demonstrated significant differences in
visual memory performance between MS patients and
healthy controls across all stages of the test. At the copy
phase (RCFT 0), MS patients had a mean score of 30.94 + 3.75,
with a median of 32.00 (range: 16.0-36.0). In contrast, the
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Table 2 EDSS, clinical and neuropsychological test results in MS patients

Median (min-max)

Test MS patients
Disease duration (years) Mean +SD 8.11+6.93
Median (min-max) 7 (0-35)
EDSS Mean £+ SD 1.74+1.47
Median (min-max) 1.00 (0-6)
EDSS <3 % 84.2
Current DMT %
1 =Interferon 2.1
2 =Glatiramer acetate 3.2
3 =Teriflunomide 4.2
4 = Dimethyl fumarate 12.6
5 =Fingolimod 15.8
6 = Natalizumab 28.4
7 =Ocrelizumab 23.2
8 = Cladribine 7.4
9 = Alemtuzumab 0
10=None 3.2
25FWT (sec) Mean +SD 6.06+1.98
Median (min-max) 6.03 (4.0-13.5)
9HPT - Dominant Hand (sec) Mean #+SD 21.62 +4.35

20.53 (16-38)

Median (min-max)

SDMT Mean 4 SD (95% Cl) 36.81+14.24 (33.91-39.71)
Median (min-max) 37 (5-70)
RCFT
0 Mean = SD (95% Cl) 30.94 +3.75 (30.18-31.70)
Median (min-max) 32.00 (16-36)
1 Mean 4 SD (95% Cl) 15.62 +6.96 (14.20-17.04)
Median (min-max) 16.00 (1-30)
2 Mean = SD (95% Cl) 15.99 +6.63 (14.64-17.34)
Median (min--max) 15.00 (4-29)
3 Mean + SD (95% Cl) 6.17 +1.89 (5.78-6.56)

6.4 (1.4-10.3)

Abbreviations: 25FWT, 25-Foot Walk Test; 9HPT, 9-Hole Peg Test; Cl, confidence interval; DMT, Disease-Modifying Therapy; EDSS, Expanded
Disability Status Scale; MS, multiple sclerosis; RCFT, Rey Complex Figure Test; SDMT, Symbol Digit Modalities Test; SD, standard deviation.
Notes: RCFT 0 - Copy, 1 - Immediate Recall, 2 - Delayed Recall, 3 - Recognition.

control group had a mean score of 32.18 +-3.11, median of
32.25 (range: 26.0-36.0). This discrepancy achieved statisti-
cal significance (p = 0.036), suggesting that MS patients have
somewhat impaired visual memory even at the very first
encoding stage.

For the immediate recall phase (RCFT 1), which assesses
the short-term retention of visual memories, the mean
score for the group with MS was significantly lower, at
15.62 +£6.96 (median: 16.00, range: 1.0-30.5), than the
mean for the control group, which was substantially
higher, at 20.07 +8.03 (median: 19.50, range: 5.0-33.0).
This significant difference (p<0.001) indicates a pro-
nounced decline in short-term visual memory among MS
patients.

In the delayed recall phase (RCFT 2), reflecting longer-
term visual memory retention, MS patients scored a mean of
15.99 £ 6.63, with a median of 15.00 (range: 4.0-29.0). The
control group had a mean of 19.87 +£8.14 and a median of
20.50 (range: 2.5-33.0). The observed difference was again
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statistically significant (p < 0.001). This reinforces the idea
that MS patients experience progressive impairment in
visual memory retrieval over extended intervals.

In the recognition phase (RCFT 3), the mean score of the
MS patients was 6.17 4+ 1.89 (median: 6.40; range: 1.4-10.3),
whereas the control group had a mean score of 7.76 +1.95
(median: 7.75; range: 2.9-11.6) with the difference being
statistically significant (p < 0.001), as shown in =Table 3.

A significant positive correlation was found between the
9HPT and EDSS (r=0.373; p <0.001). This means that dis-
ability on the EDSS is associated with slower peg test times.
No significant correlations were observed between the 9HPT
with other clinical or cognitive parameters.

Also, a substantial negative connection was discovered to
exist between EDSS and SDMT scores (r = —0.330; p=0.001).
This indicates that disability is associated with slower infor-
mation processing speed.

Conversely, there were no significant correlations found
between the EDSS and either the 25FWT (r=0.049;



Table 3 Comparison of RCFT performance between MS patients and control groups
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MS patients Control group p-value®
SDMT Mean £ SD 36.81+14.24 4471 +£12.52 < 0.001
Median (min-max) 37 (5-70) 45 (7-71)
RCFT
0 Mean 4 SD 30.94+3.75 32.18£3.11 0.036
Median (min-max) 32.00 (16.0-36.0) 32.25 (26.0-36.0)
1 Mean £ SD 15.62 £6.96 20.07 +8.03 < 0.001
Median (min-max) 16.00 (1.0-30.5) 19.50 (5.0-33.0)
2 Mean £SD 15.99 £6.63 19.87 +8.14 < 0.001
Median (min-max) 15.00 (4.0-29.0) 20.50 (2.5-33.0)
3 Mean + SD 6.17+1.89 7.76 £1.95 < 0.001
Median (min-max) 6.4 (1.4-10.3) 7.75 (2.9-11.6)

Abbreviations: MS, multiple sclerosis; RCFT, Rey Complex Figure Test; SD, standard deviation.
Notes: *Mann-Whitney U test. RCFT 0 - Copy, 1 - Immediate Recall, 2 - Delayed Recall, 3 - Recognition.

Table 4 Correlations between EDSS and cognitive/motor tests

Table 5 Correlations between SDMT and RCFT scores

Abbreviations: 25-Foot Walk Test, 25-Foot Walk Test; 9HPT, 9-Hole Peg
Test; EDSS, Expanded Disability Status Scale; RCFT, Rey Complex
Figure Test; SDMT, Symbol Digit Modalities Test.

Notes: RCFT 0 - Copy, 1 - Immediate Recall, 2 - Delayed Recall, 3 -
Recognition.

p=0.635) or the scores from RCFT 0 (r=-0.165; p=0.11), 1
(r=-0.086; p=0.407), and 2 (r=-0.031; p=0.762), as
shown in =Table 4.

The relationship between the SDMT and the four compo-
nents of the RCFT was examined in this study using Spear-
man correlation analysis. Results indicated that SDMT scores
were significantly and positively correlated with the first
three components of the RCFT. A moderate positive correla-
tion was found between SDMT and RCFT 0 (rho=0.408,
p<0.001), as well as a moderate and positive correlation
with both RCFT 1 (rho =0.433; p < 0.001) and 2 (rho = 0.445;
p <0.001), as shown in =Table 5.

The relationships between the 25FW and the 9HPT and
the RCFT subtests were also evaluated using Spearman
correlation analysis. No significant correlation was found
with the 25FWT. In contrast, significant negative correla-
tions were observed between 9HPT and RCFT subtests. A
moderate negative correlation was found between 9HPT and
RCFT 0 (rho = —0.350, p =0.001), 1 (rho = —0.325; p =0.001),
and 2 (rho =-0.380; p <0.001).

Test Spearman’s rho p-value RCFT Spearman’s rho p-value
25FWT 0.049 0.635 0 0.408 < 0.001
9HPT 0.373 < 0.001" 1 0.433 < 0.001
SDMT —0.330 0.001" 2 0.445 < 0.001
RCFT 3 —0.040 0.67

0 —0.165 0.11 Abbreviations: RCFT, Rey Complex Figure Test; SDMT, Symbol Digit

1 —0.086 0.407 Modalities Test.

Notes: RCFT 0 - Copy, 1 - Immediate Recall, 2 - Delayed Recall, 3 -
—0.031 0.762 Recognition.
3 -0.000 0.974

DISCUSSION

Cognitive impairments in MS commonly affect attention and
executive function, even in the early stages of the disease.
Additionally, visuospatial and visual memory deficits linked
to structural and connectivity changes in the hippocampus,
precuneus, and parietal regions are increasingly recognized
as important contributors to functional decline. These
regions play a critical role in both spatial memory and
imagery processes that require complex visual information
integration.'

This study confirms that RRMS significantly affects two
aspects of cognition: visual memory and visual-structural
skills, as assessed by the RCFT; and processing speed, as
measured by the SDMT. Consistent with this framework, our
results demonstrated that these patients showed impair-
ments in visuospatial memory (RCFT) and processing speed
(SDMT) compared with healthy controls.

Dimitrov et al. demonstrated in their study involving 70
patients with MS and 32 healthy controls that the RCFT was
able to detect significant cognitive differences between the
groups.'? The MS group performed significantly worse than
the control group in the shape copying task (mean score:
33.3+6.3vs.35.4+1.3; p<0.05) and the memory recall task
(mean score: 19.7 +7.2 vs. 24.5+6.7; p < 0.01) compared to
the control group. Additionally, the shapes copied by MS
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patients were significantly more distorted than those iden-
tified in previous cognitive dysfunction measurements
(p<0.001).

Another notable finding of our study is the moderate
correlation we found between SDMT and RCFT 0, 1, and 2
scores. These tools appear to measure some common cogni-
tive domains such as attention, processing speed, and work-
ing memory.>®'3 Undoubtedly, the SDMT is known as an
extremely sensitive tool that reveals the first signs of cogni-
tive decline in MS patients.14 It primarily assesses a person’s
speed of processing simple visual stimuli, but does not even
begin to address the complex, multidimensional, visual-
sensory problems, as posed by the RCFT’s tasks. If the
SDMT indicates that a person is beginning to decline, the
RCFT can provide a more detailed understanding of specific
cognitive processes.

Additionally, research conducted by Wang et al. on
healthy older adults has shown that performance on the
RCFT 1 test is positively related to learning new skills and
motor sequence learning, reinforcing the idea that this task is
useful for assessing more executive-like processes related to
learning.'® Although this finding is not specific to the MS
population, it supports the applicability of this test as a
measure of cognitive performance.

Interestingly, RCFT 3 (recognition phase) demonstrated a
significant difference between MS patients and healthy
controls, yet it did not correlate with SDMT scores. This
suggests that recognition-based visual memory, which relies
on cue-assisted retrieval and visual discrimination, may
depend on partially distinct cognitive mechanisms from
those captured by processing speed tasks. The presence of
visual cues in recognition tasks likely reduces attentional and
executive demands, which may explain why patients’ per-
formance can be preserved relative to recall in those with
slower processing speed.

Our study had a relatively low average EDSS score of
1.74 4+ 1.47. This indicates that the average patient has very
little-to-mild, if any, physical disability. The predominant
impairment observed in these patients was cognitive, and
particularly severe impairment is present in visual memory
and delayed recall. This inconsistency supports the wide-
spread perception that cognitive impairment in MS can
develop independently of physical disability.'? Indeed, early
cognitive decline, particularly in processing speed and exec-
utive function, has long been recognized as a symptom even
in the earliest stages of MS.'®

The lack of physical and cognitive correlation in degree of
impairment is similar to what Inglese et al. mention in their
study of MS using diffusion tensor magnetic resonance
imaging (MRI)."” They have shown that this cohort has
widespread axonal damage in normal-appearing white mat-
ter where motor functions are preserved. Essentially, they
argue that even if motor function pathways are not signifi-
cantly damaged, increasing microstructural changes may
affect cognitive functions. Their findings suggest that a large
number of our participants had very much preserved motor
function, albeit with significant and profound cognitive
impairments that don’t seem to show up on the EDSS scale.!”
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Pitteri et al."® conducted an 8-year prospective study that

showed that initial cognitive impairment in RRMS patients
was predictive of future disability progression and cortical
thinning. Interestingly, there was a group of patients with
relatively low EDSS scores at baseline (e.g., 2.0-3.6), who
experienced significant clinical and structural deterioration
over time, especially if they had cognitive impairments.'®
The findings from these studies reinforce the idea that early
cognitive dysfunction in MS is not only common but also
prognostically significant.

Furthermore, the lack of a strong correlation between
RCFT scores and EDSS in our data is consistent with a
previous study by Jakimovski et al.,'® which found that
EDSS primarily reflects motor impairment but may not
reflect widespread microstructural damage that broadly
affects cognitive function. Similarly, Matias-Guiu et al. noted
that delayed recall and executive function impairments are
associated with atrophy in specific brain regions (e.g., thala-
mus, caudate, and precuneus) rather than overall brain lesion
burden.?% In line with this framework, our results suggest
that the visual memory impairments exhibited by MS
patients (observed in all stages of the RCFT) may be more
closely related to damage affecting the subcortex and poste-
rior cortex than to brain damage with visible effects, such as
motor impairments that would result in a low EDSS score.

This study has some limitations. Interrater reliability was
not tested, and the single-center design may have introduced
sampling bias. Therefore, caution is needed when generaliz-
ing these results, which are specific to RRMS patients with
mild disability to progressive forms of MS, or more diverse
patient populations. As several correlations were explored,
corrections for multiple comparisons were not applied. Thus,
the possibility of Type I error should be considered when
interpreting the results.

Furthermore, since the design was cross-sectional, it does
not allow for conclusions about the progression of cognitive
impairments over time. Although cognitive impairment in
MS is often linked to structural brain changes, such as
cortical atrophy or lesion load, no MRI-based structural or
functional correlates were analyzed in the present study.

While the total number of participants was moderate, the
sample size was insufficient for subgroup analyses as EDSS
and education level. Information on visual acuity, ocular
motor function, and history of optic neuritis was not avail-
able for all participants, which may have influenced perfor-
mance on visually demanding tests such as RCFT and SDMT.
Mood, fatigue, and medication effects were not systemati-
cally evaluated and may have influenced cognitive perfor-
mance. Although educational level was recorded
categorically, years of formal education were not available,
which limits the ability to control for its influence on
cognitive performance.

The Z-scores could not be calculated because standard-
ized age- and education- adjusted normative data were not
available for all RCFT subtests and SDMT reference sets.

This study highlights the distinct yet complementary
roles of the RCFT and the SDMT in evaluating cognitive
dysfunction in patients with RRMS. Our findings
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demonstrate that patients with MS show significant impair-
ments not only in processing speed, as measured by the
SDMT, but also in immediate and delayed visual memory, as
assessed by the RCFT. These deficits were evident even in
patients with low EDSS scores, highlighting the dissociation
between physical disability and cognitive decline in MS.

Furthermore, RCFT 0, 1, and 2 showed moderate correla-
tions with SDMT scores, while 3 (recognition) revealed a
significant difference between MS patients and healthy
controls but did not correlate with the test. This suggests
that recognition-based visual memory engages partially
distinct cognitive mechanisms that are less dependent on
processing speed. Incorporating both recall- and recogni-
tion- based measures into assessments may provide a more
comprehensive understanding of cognitive strengths and
weaknesses in MS.

Taken together, these findings suggest that RCFT may
provide complementary information to SDMT in the cogni-
tive assessment of MS patients, particularly in domains
involving memory and organization, without implying rou-
tine clinical use or superiority over other widely used tests.
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